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Introduction
Angiotensin II (Ang II), the principal product of the renin-angiotensin system (Touyz and Berry, 2002) , participates in the induction of endothelial dysfunction, vascular remodeling, and inflammation, in pathological conditions such as hypertension and atherosclerosis. These effects are transduced through the G-protein coupled angiotensin subtype 1 (AT-1) receptor. A substantial body of in vitro studies indicates that Ang II directly induces vascular smooth muscle cell (VSMC) hypertrophy through AT-1 receptor (Geisterfer et al., 1988) .
Stimulation of AT1 receptor by Ang II causes activation of mitogen-activated protein kinases (MAPK) (Touyz and Schiffrin, 2000) . MAPK family is known to be involved in the regulation of a variety of cellular processes, including cell growth, differentiation, development, and cell survival. Ang II appears to activate extracellular signal-regulated kinase 1/2 (ERK1/2) and c-Jun N-terminal kinase/ stress-activated protein kinase (JNK/SAPK), which are probably associated with the regulation of VSMC growth (Yoshizumi et al., 2002; Miura et al., 2004) . Ang II also phosphorylates vascular p38 MAPK, which is crucial to inflammatory responses and apoptosis (Hommes et al., 2003) . These signaling processes and associated cellular functions are crucial to the development of the vascular damage associated with cardiovascular diseases, including hypertension and atherosclerosis (Touyz and Schiffrin, 2000; Suzuki et al., 2004; Tojo et al., 2005) . The activation of the MAPKs is triggered by MAPK kinase (MKK or MEK) via phosphorylation of serine/ threonine residues (Sugden and Bogoyevitch, 1995) . MEK1/2 directly phosphorylates ERK1/2 proteins (Bueno and Molkentin, 2002) , and the upstream kinases, SEK1/MKK4 and MKK7, have been identified as direct JNK/SAPK activators, operating in response to a variety of stimuli (Deacon and Blank, 1997; Foltz et al., 1998) . MKK3 and MKK6 selectively activate p38-MAPK in different cell types, and exhibit isoform specificity (Sugden and Clerk, 1998) .
However, inactivation of MAPKs is known to be induced by the MAPK phosphatase 1 (MKP-1)-induced dephosphorylation of both tyrosine and threonine residues on the MAPKs. Ang II may induce sustained MAPK activation via the inhibition of MKP-1, which indicates that MKP-1 is principally responsible for the inhibition of the MAPK signal (Duff et al., 1995; Fischer et al., 1998) .
The heat shock protein 70 (Hsp70) family is the best characterized and the most highly induced heat shock protein family. In the cardiovascular system,
Inhibitory effect of Hsp70 on angiotensin II-induced vascular smooth muscle cell hypertrophy
Hsp70 can be induced by a variety of stresses, including heat shock, oxidative stress, and mechanical stress Lee and Seo, 2002; Kim et al., 2003; Heo et al., 2006) . Hsp70 also appears to play a crucial role in the protection of cells from environmental stresses (Latchman, 2001) . Hsp70 overexpression confers thermotolerance on cells and improves cell survival in the presence of noxious stimuli (Li et al., 2000 , Park et al., 2000 . Interestingly, the expression level of Hsp70 has shown to be directly related to the degree of myocardial protection from ischemia in rat hearts and Hsp70-overexpressing transgenic mouse hearts (Hutter et al., 1994) .
Despite recent advances in our understanding of the protective effects of Hsp70, no information is currently available regarding the effect of Hsp70 on VSMC hypertrophy. In the present study, we characterized the effect of Hsp70 on Ang II-induced VSMC hypertrophy, as well as the associated signaling mechanisms. Our results show that Hsp70 exerts inhibitory effect on VSMC hypertrophy via the inactivation of ERK1/2, which is activated by Ang II, and that the Hsp70-mediated stabilization of MKP-1 may be involved in this process.
Materials and Methods

Materials
Materials were obtained from the following suppliers: human Ang II and FITC-conjugated, anti-actin, α smooth muscle antibody were obtained from Sigma (St. Louis, MO); Hsp70 antibody and MKP-1 antibody were obtained from Santa Cruz Biotechnology (Santa Cruz, CA); phospho-ERK1/2 and ERK1/2 antibodies, phospho-MEK1/2 and MEK1/2 antibodies were obtained from Cell Signaling (Beverly, MA); l- [4, 5- 3 H]leucine was purchased from Amersham Biosciences (Buckinghamshire, UK); PD98059 was purchased from Calbiochem (San Diego, CA). All other chemicals were obtained from commercial sources and were of reagent grade.
Culture of rat aortic smooth muscle cells
Strains of VSMC were established from rat thoracic aorta (10-week-old male Sprague-Dawley rat) by enzymatic digestion as described previously (Zheng et al., 2004) . Cultures were maintained in Dulbecco's modified Eagle medium (DMEM)/F12 containing 10% fetal bovine serum (FBS), 100 U/ml penicillin and 100 µg/ml streptomycin and identified by the presence of positive staining with anti-actin, α-smooth muscle antibody. All VSMC cultures used in the experiments were between the 3rd and 10th passages. VSMCs were grown to 70-80% confluence and made quiescent by serum starvation with serum-free DMEM/F12 medium for 48 h.
Transient Hsp70 overexpression and Hsp70 siRNA transfection
VSMCs at approximately 70-80% confluence were transfected with pCMV-Hsp70 (Park et al., 2001) or empty vector plasmid, using Lipofectamine TM plus reagents (Invitrogen, Carlsbad, CA), in accordance with the manufacturer's instructions. After transfection for 24 h, serum-starved cells were either left untreated, or treated with 100 nM Ang II.
Hsp70 siRNA and scrambled siRNA were designed and synthesized (Invitrogen) as follows (X74271). Hsp70 siRNA sequence: 5'-gtctgaacgtgctgcggatcatcaa-3'; Scrambled siRNA sequence: 5'-gtcgcaatcgtggcgactatgtcaa-3'. Quiescent VSMCs were transfected with Hsp70 siRNA or scrambled siRNA, using Lipofectamine 2000 reagent (Invitrogen) in accordance with the manufacturer's instructions. After transfection for 36 h, the VSMCs, incubated with or without Ang II, were used in each experiment.
Measurement of [
H]leucine incorporation and protein content
To measure hypertrophy of VSMCs, cells were seeded on 6-well culture plates at a density of 1.5×10 5 cells/well. Cells at 70~80% confluence were subjected to heat shock (42 o C for 30 min, recovery 12 h) or transfected with pCMV-Hsp70, and then stimulated for 24 h with 100 nM Ang II. The cells were incubated with 1 µCi/ml [ 3 H]leucine during the last 8 h of stimulation. After washing with ice-cold PBS, [ 3 H]leucine incorporation was assessed as described previously (Zheng et al., 2004) .
VSMCs were seeded on 6-well culture plates at a density of 1.5 × 10 5 cells/well, and grown to 70-80% confluence. Serum-starved VSMCs were subjected to heat shock (42 o C for 30 min, recovery 12 h), and then stimulated with 100 nM Ang II for 24 h. The cells were then lysed and the protein contents were determined (BCA assay kit, Pierce, Rockford, IL) in accordance with the manufacturer's instructions. The absorbance was measured at a wavelength of 570 nm.
Western blot analysis
Western blot analysis was performed as described previously (Lee et al., 2005a) . Total cell lysates (30 µg) were subjected to SDS-PAGE and electrotransferred to nitrocellulose membrane (Schleicher and Schuell, Dassel, Germany). After blocking with 1 × TBS/T (20 mM Tris-HCl, pH 7.6; 137 mM NaCl, 25 mM KCl, 0.1% Tween-20) containing 5% (w/v) non-fat dry milk, blots were incubated with specific antibodies. Then, the blots were incubated with horseradish peroxidase-conjugated secondary antibodies (Santa Cruz, CA) and immunoactivity was visualized using the enhanced chemiluminescence detection system (Pierce) in accordance with the manufacturer's instructions.
Reverse transcriptase-PCR (RT-PCR)
Total RNA was extracted from the VSMCs (TRIzol Reagent). 1 µg of total RNA was reverse-transcribed using oligo (dT) primer (Invitrogen) and RT-PCR pre-mix (Bioneer corporation, Daejeon, Korea), and PCR was performed with this cDNA as a template using PCR pre-mix (GENENMED Inc.) in accordance with the manufacturer's instructions. 30 cycles were run, as follows: denaturation at 94 o C for 30 s, annealing at 57 o C for 30 s, and extension at 72 o C for 30 s. The following primers were used. 
Statistical analysis
Results are expressed as means ± S.D of three independent experiments. The statistical significance was assessed by paired or unpaired Student's t-test. A value of P ＜ 0.05 was considered to be statistically significant.
Results
Hsp70 inhibits Ang II-induced VSMC hypertrophy
The induction of Hsp70, in response to a host of potential stresses, has been correlated with enhanced stress resistance in many cell types, including VSMCs (Johnson et al., 1990; Xu and Wick, 1996; Gorostizaga et al., 2005) . The stimulation of VSMC by Ang II has been shown to induce cellular hypertrophy (Geisterfer et al., 1988) . Therefore, we attempted to determine the effect of Hsp70 on Ang II-induced [ 3 H]leucine incorporation into the cells. The VSMCs were treated with heat shock prior to Ang II stimulation, and we observed that Ang II-stimulated [ 3 H]leucine incorporation (25.3% over that in control, P ＜ 0.05) was significantly inhibited by pre-treatment with heat shock (P ＜ 0.05) ( Figure   1A ). Since cell hypertrophy involves increases in cellular protein contents, we evaluated the cellular protein contents stimulated by Ang II, in the presence or absence of heat shock treatment. Our results indicate that Ang II-induced increase in protein contents (29.6% over that in control, P ＜ 0.01) was significantly inhibited by the administration of heat shock treatment (P ＜ 0.05) ( Figure 1B) . The VSMCs were then transfected with either empty vector or pCMV-Hsp70 prior to Ang II stimulation, and the level of overexpression was determined by Western blot analysis ( Figure 1C, upper panel) . In the VSMCs transfected with empty vector, stimulation with 100 nM Ang II for 24 h induced significant increase in [ 3 H]leucine incorporation (34.2% over that in control, P ＜ 0.01). However, there was a significant attenuation of Ang II-stimulated [
3 H] leucine incorporation in the VSMCs overexpressing pCMV-Hsp70 (P ＜ 0.01) ( Figure 1C , lower panel). These results indicate that pre-induction of Hsp70 inhibits Ang II-induced VSMC hypertrophy.
Effect of PD98059, a specific inhibitor of ERK1/2, on Ang II-stimulated VSMC hypertrophy
We confirmed the relative contribution of ERK1/2 pathway to Ang II-mediated VSMC hypertrophy using PD98059, a pharmacological inhibitor of MEK. As seen in Figure 2A , Ang II (100 nM) caused a significant increase (92.3% over that in control, P ＜ 0.01) in 
II-dependent [
3 H]leucine incorporation, with a dramatic reduction (P ＜ 0.01) in protein synthesis at the 50 µM concentration.
We then evaluated the cellular protein contents increased by Ang II, in the presence or absence of PD98059 pre-treatment. Our results indicate that Ang II-induced increase in protein contents (27.9% over that in control, P ＜ 0.01) was significantly inhibited by the pre-treatment of PD98059 (50 µM; 30 min) (P ＜ 0.01) ( Figure 2B ). These results suggest that the ability of Ang II to increase protein synthesis was reduced by ERK1/2 inhibition, which indicates the involvement of ERK1/2 in Ang II-stimulated VSMC hypertrophy.
Inhibitory effect of Hsp70 on Ang II-induced ERK1/2 activation
It is known that MAPK pathway is activated by Ang II and is required for Ang II-induced VSMC hypertrophy (Govindarajan et al., 2000; Touyz and Berry, 2002) . Thereafter, in order to identify a possible role for Hsp70 in the regulation of intracellular signaling cascades, we first attempted to determine whether Hsp70 might modulate the Ang II-induced activation of MAPKs. Hsp70 was induced in the VSMCs by exposing the cells to heat shock, or via transient overexpression of pCMV-Hsp70, followed by treatment with AngII. In both the heat shock-treated cells and the pCMV-Hsp70 overexpressing cells, Ang II-induced activation of ERK1/2 was inhibited dramatically after 10 minutes. (Figure 3A and 3B) . No significant differences in ERK1/2 activity were observed between the Hsp70 overexpressed cells and the empty vector transfected cells in the absence of Ang II treatment (data not shown). The induction of Hsp70 had no effect on intracellular levels of endogenous ERK1/2 protein in either the heat shock-treated or transfected VSMCs. JNK/ SAPK and p38 MAPK activities were also analyzed via the same technique and the results indicated that Hsp70 exerted no such inhibitory effect on Ang II-stimulated JNK/SAPK and p38 MAPK activity (B) VSMCs were transiently transfected with pCMV-Hsp70 or empty vector, as described in Materials and Methods. The cells were then stimulated with 100 nM Ang II for the indicated periods. Immunoblotting was conducted with the cell lysates. The detection of phospho-ERK1/2, total ERK1/2 and Hsp70 levels was accomplished using anti-phospho ERK1/2, anti-ERK1/2 and anti-Hsp70 antibodies, respectively. Representative blots of three individual experiments were shown. . Effect of Hsp70 siRNA on ERK 1/2 activation in Ang II-stimulated VSMCs. VSMCs were transiently transfected with Hsp70 siRNA or scrambled siRNA, as described in Materials and Methods. The cells were then stimulated with 100 nM Ang II for the indicated periods. Immunoblotting was conducted with the cell lysates. Levels of Hsp70 expression, ERK1/2 phosphorylation and total ERK1/2 expression were detected with anti-Hsp70, anti-phospho ERK1/2 and anti-ERK1/2 antibodies, respectively. Representative blots of three individual experiments were shown.
Ang II (min) -5 1 1 5 -(data not shown). Collectively, these findings suggest that Hsp70 specifically inhibits Ang II-stimulated activation of ERK1/2 in VSMCs.
Effect of Hsp70 siRNA on Ang II-induced ERK1/2 activation
We confirmed the effect of Hsp70 on Ang II-stimulated ERK1/2 activation, using Hsp70 siRNA. The quiescent VSMCs were transfected with Hsp70 siRNA or scrambled siRNA, and then treated with or without 100 nM Ang II. Western blot analysis indicated that the activity of ERK1/2 was slightly increased in the cells transfected with Hsp70 siRNA compared to the scrambled siRNA transfected cells with 0-1 min of Ang II treatment. However, in cases in which the Ang II treatment was sustained for more than 5 min, we observed that Hsp70 siRNA just prevented the inhibition of ERK1/2 activity (Figure 4) . The reduced Hsp70 expression levels had no effect on the intracellular levels of endogenous ERK1/2 proteins in Hsp70 siRNA transfected VSMCs. These results suggest that downregulation of Hsp70 expression by Hsp70 siRNA may prevent the inhibitory effect of Hsp70 on Ang II-stimulated ERK1/2 activation.
Hsp70 has no effect on MEK1/2 activity The induction of ERK1/2 activation typically involves phosphorylation by a MAPK kinase, also known as MEK1/2. In order to characterize the mechanism underlying the inhibition of ERK1/2 activity by Hsp70, we evaluated the effect of Hsp70 on Ang II-stimulated activation of MEK1/2. VSMCs were treated with heat shock or overexpressed with pCMV-Hsp70 prior to the addition of Ang II (100 nM). In the cells whether or not exposed to heat shock treatment, MEK1/2 was activated by Ang II stimulation for 1-5 min, and the activity decreased rapidly after stimulation for 10 min ( Figure 5A ). Moreover, in the cells transfected with the empty vector, or transfected with pCMV-Hsp70, MEK1/2 activation was also stimulated by Ang II, and the activation pattern was similar to that of the cells exposed to heat shock treatment ( Figure 5B ). These findings suggest that the inhibition of ERK1/2 by Hsp70 does not occur via inhibition of the upstream kinase MEK1/2. Therefore, the inhibition of ERK1/2 by Hsp70 may occur via an increase in the inactivation of this kinase in the VSMCs.
Relationship between MKP-1 stabilization by Hsp70 and Ang II-induced MKP-1 expression in VSMCs
Heat shock treatment was reported to increase the protein and mRNA levels of MKP-1, which might contribute to the inactivation of MAPKs after the administration of heat shock (Gorostizaga et al., 2005) . In order to confirm the expression of MKP-1 in conjunction with heat shock, the expression of MKP-1 mRNA was studied by RT-PCR. Our results The cells were then stimulated with 100 nM Ang II for the indicated periods. Immunoblotting was conducted with the cell lysates. Phospho-MEK1/2 and total MEK1/2 were detected using anti-phospho MEK1/2 and anti-MEK1/2 antibodies, respectively. Representative blots of three individual experiments were shown. indicate that the expression of MKP-1 mRNA peaked at 30 min after recovery from heat shock, and that the expression pattern was similar to that of Hsp70 mRNA ( Figure 6A, left) . To determine whether Hsp70 can stimulate the transcription of MKP-1, VSMCs were overexpressed with pCMV-Hsp70, and then the expression of MKP-1 mRNA was studied by RT-PCR. In the cells transfected with the empty vector, or transfected with pCMV-Hsp70, MKP-1 mRNA level was similar to each other, and this suggests that Hsp70 does not directly stimulate the transcription of MKP-1 gene ( Figure 6A, right) . In order to determine the role of Hsp70 on Ang IIstimulated MKP-1 expression, Hsp70 was expressed at high levels by heat shock, and then stimulated with Ang II in VSMCs. Levels of Hsp70 and MKP-1 expression were analyzed by Western blotting. We found that Ang II induced a significant increase in the expression of MKP-1 after 30 min of treatment. However, the pre-induction of Hsp70 by heat shock resulted in accumulation of MKP-1 expression in the VSMCs, even in the absence of Ang II treatment. After Ang II stimulation, the levels of MKP-1 expression in the heat shock pre-treated cells were significantly higher than the levels of Ang II-induced MKP-1 expression seen in the absence of heat shock ( Figure 6B) .
In order to verify the effect of Hsp70 on Ang II-stimulated MKP-1 expression, Hsp70 siRNA was employed to downregulate the expression of Hsp70. VSMCs were then treated with 100 nM Ang II. The levels of Hsp70 and MKP-1 expression were analyzed by Western blotting. Our results indicate that Ang II-induced MKP-1 expression peaked at 30 min. However, MKP-1 expression level was decreased dramatically in Hsp70 siRNA transfected VSMCs even after Ang II treatment for 2 h ( Figure 6C ). These results are consistent with those obtained after heat shock treatment. Collectively, these findings indicate that the Hsp70 stabilizes MKP-1 which can in turn dephosphorylate Ang II-activated ERK1/2 in VSMC.
Discussion
A variety of stress proteins, particularly Hsp70, seem to play protective roles in conditions such as hypertension and atherosclerosis (Johnson et al., 1990; Xu et al., 1995; Xu and Wick, 1996; Snoeckx et al., 2001) . For example, heat shock treatment protects against Ang II-induced hypertension and inflammation (Chen et al., 2004) , and administration of heat shock for 2 h at 43 o C inhibits the proliferation of vascular smooth muscle cells (Orihara et al., 2002) . However, to date, little is known about the role of 
Hsp70 on Ang II-induced VSMC hypertrophy. In the present study, we identified the effect of Hsp70 on VSMC hypertrophy and its role in the signaling pathways stimulated by Ang II. Numerous studies have shown that Ang II stimulates protein synthesis and cellular hypertrophy through AT-1 receptor in VSMCs, and may participate in the induction of pathological states associated with atherosclerosis and hypertension (Geisterfer et al., 1988; Touyz and Schiffrin, 2000) . Increased [ 3 H]leucine incorporation has been suggested to be involved in the increase of protein synthesis and resultant cellular hypertrophy caused by Ang II (Huwiler A, 1995) . We first determined the effect of Hsp70 on the Ang II-induced increase in [ 3 H]leucine incorporation into the cells. In addition, cellular protein content was measured to confirm the results from the measurement of [ 3 H] leucine incorporation. As shown in Figure 1 , Ang II caused an increase in [
3 H]leucine incorporation that was inhibited by prior heat shock-treatment and Hsp70-overexpression, which are consistent with the results from measurement of cellular protein contents. These results suggest that Hsp70 may have a specific anti-hypertrophic effect on Ang II-stimulated VSMC.
The MAPK cascade is an intracellular signaling module, and Ang II activates MAPK cascades in VSMC (Touyz and Berry, 2002) , which is consistent with our results (data not shown). Since Ang II-induced MAPK activations have been implicated in the cellular hypertrophy in VSMC (Ushio-Fukai et al., 1998; Touyz and Schiffrin, 2000; Yoshizumi et al., 2002; Zheng et al., 2004) , we examined the effect of Hsp70 on Ang II-induced MAP kinase activation in VSMC. First, we confirmed the involvement of ERK1/2 in Ang II-mediated VSMC hypertrophy using a specific inhibitor, PD98059 (Figure 2) , which is consistent with the previous reports (Ushio -Fukai et al., 1998; Touyz et al., 1999; Govindarajan et al., 2000) . We then examined the effect of Hsp70 on Ang II-induced ERK1/2 activation and observed for the first time that Hsp70 specifically inhibited Ang II-induced ERK1/2 activation in VSMC (Figure 3) . In contrast to these results, downregulation of Hsp70 via transfection with Hsp70 siRNA prevented the inhibition of ERK1/2 activation, in VSMCs (Figure 4) . These results are consistent with previous reports that preheating accelerates the inactivation of ERK1/2 (Lee et al., 2005b) and that a deficiency in Hsp70 induces activation of ERK1/2 in hyperosmolarity-induced apoptosis (Lee et al., 2005a) . In addition, JNK/SAPK and p38 MAPK have also been proposed to be involved in Ang II-mediated VSMC hypertrophy (Ushio-Fukai et al., 1998; Yoshizumi et al., 2002) . However, JNK/SAPK and p38 MAPK may not be involved in the inhibition of Hsp70 on VSMC hypertrophy by Ang II, because Hsp70 exerted no significant effect on Ang II-activiated JNK/SAPK and p38 MAPK (data not shown). Based on these findings, it may be reasonable to speculate that inhibition of Ang II-induced ERK1/2 activation by Hsp70 is attributable to the inhibition of activation by upstream kinases or to the increase of inactivation by specific phosphatases.
The MAPKs are a subset of serine/threonine kinases, which target substrates in a multilayered signaling network, composed of MAPKs, MAPK kinases (MKKs), and MEK kinases (MEKKs). In response to the activation of MAPKs, a family of dual-specificity phosphatases is transcriptionally induced, resulting in the specific dephosphorylation and inactivation of MAPKs (Haneda et al., 1999) . MKP-1 is an important member of the dual-specificity phosphatase family, which regulates the inactivation of MAPKs. Reflecting the tight regulation of MAPK signaling, Ang II was shown not only to induce the activation of MAPKs, but also to be implicated in the up-regulation of MKP-1 (Sandberg et al., 2004) . Recent studies have determined that MKP-1 is a heat shock responsive gene and that MKP-1 expression results from the combined effects of increases in both transcription and stability of MKP-1 (Wong et al., 2005) . Another report (Lee et al., 2005b) , suggests that heat shock-mediated increase in MKP-1 expression and Hsp70-induced early phosphorylation of MKP-1, are also associated with rapid inactivation of ERK1/2. Therefore, we examined whether Hsp70 inhibited ERK1/2 activation via the inhibition of upstream kinase, or via the acceleration of MAPK inactivation by MKP-1. We found that the pre-induction with Hsp70 resulted in no significant effect on the activity of MEK 1/2, the upstream kinase of ERK1/2 ( Figure 5 ). These results suggest that the inhibitory effect of Hsp70 on Ang II-activated ERK1/2 is independent of the upstream kinase, consistent with previous report (Lee et al., 2005b) . However, interestingly, pre-induction with Hsp70 increased the accumulation of MKP-1 protein, much earlier and more severely than that seen with Ang II only ( Figure 6B ). We also determined that the downregulation of Hsp70 by Hsp70 siRNA dramatically decreased the accumulation of MKP-1 protein, whereas in the scrambled siRNA-transfected cells, Ang II induced a significant upshift in MKP-1 expression after only 30 min ( Figure 6C ). These results indicate that Hsp70 regulates MKP-1, which in turn promotes the inactivation of ERK1/2. Our study of whether MKP-1 expression is regulated by Hsp70 at transcriptional level or at posttranscriptional level showed that heat shock induced both Hsp70 and MKP-1 transcription in a similar time frame. Many heat shock proteins are regulated at the trans-criptional level and are dependent on the transcription factor, heat shock factor-1 (HSF-1), and heat shock elements (HSE) in the promoter regions of heat shock protein genes (Georgopoulos and Welch, 1993) . Since MKP-1 promoter contains HSEs which appear to be important in the regulation of transcription in response to heat shock (Wong et al., 2005) , it is reasonable that HSF and HSEs may be involved in the heat shock-stimulated MKP-1 transcription. However, Hsp70 overexpression by pCMV-Hsp70 did not affect MKP-1 mRNA expression ( Figure 6A ). This implies that heat shock may stimulate transcription of both Hsp70 and MKP-1, while Hsp70 may not be involved in the regulation of MKP-1 transcription. The mechanisms underlying the MKP-1 transcription by heat shock remain to be elucidated in VSMC. Considering these results and a recent study (Lee et al., 2005b ), Hsp70 appears to be involved in MKP-1 stabilization potentially through post-transcriptional mechanism. Taken together, these results suggest that Hsp70 may accelerate the inactivation of Ang II-activated ERK1/2 through stabilization of MKP-1. However, the interaction between Hsp70 and MKP-1 remain to be elucidated in Ang II-stimulated VSMC.
In summary, this study shows that Hsp70 inhibits Ang II-induced VSMC hypertrophy through the inactivation of ERK1/2 through MKP-1 accumulation, and provides a rationale for the use of Hsp70 in the therapy of cardiovascular diseases.
